oxidant, anthelmintic, antiviral, skin whitening, antiproliferative, anti-herpes, insecticidal, inhibition of α-glucosidase and neuraminidase, and cytotoxic activities against different cancer cell lines (Chatsumpun et al., 2016) .
Literature survey reveals that no scientific study has been carried out regarding the hepatoprotective potential of A. lakoocha fruits. Hence, the focus of this study was to evaluate the scientific basis for the use of a methanolic extract of A. lakoocha fruits for hepatoprotection and identification of its chemical constituents.
Materials and Methods

Collection of plant and extraction
Fresh fruits of A. lakoocha were collected in April-May 2016 from Lahore district, Pakistan. Identification of the plant was carried out at the University of Agriculture, Faisalabad and voucher number (45-1-2017) was assigned for future reference. The shade dried fruits were powdered with mechanical grinder. Methanolic extract of A. lakoocha was prepared by maceration followed by drying with a rotary evaporator (ColeParmer ® , UK) under reduced pressure. The extract was preserved in an airtight container at -20°C until further use.
Chemicals
All chemicals used in the study were of analytical grade. Alanine aminotransferase (ALT) test kit (Medichem ® , Syia), aspartate aminotransferase (AST) test kit (Medichem ® , Syria), alkaline phosphatase (ALP) test kit (Erba Mannhcim ® , India) and total bilirubin test kit (CliniChem ® , USA) were used.
Phytochemical evaluation
The plant extract was subjected to qualitative preliminary phytochemical analysis to determine the presence of flavonoids, tannins, saponins, terpenoids, alkaloids, glycosides, steroids, proteins, carbohydrates and anthraquinones according to the standard methods described previously .
HPLC analysis was carried out to determine the hepatoprotective constituents in methanolic extract. 50 mg extract was dissolved in 5 mL distilled water and 12 mL methanol followed by incubation for 5 min. 6 mL distilled water was added to it and incubated again for 5 min. Then, 10 mL 15 M HCl was added and the solution was placed in an incubator at 90°C for 2 hours to break glycosidic linkages. The solution was filtered with 0.2 µm syringe filter. The sample was injected on HPLC shim-pack CLC-ODS (C-18) column. Mobile phase was acetonitrile: dichloromethane: methanol (60:20:20) and flow rate was adjusted to 1 mL/min. Phenolic and flavonoid compounds were detected with a UV-Vis detector at 280 nm whereas kaempferol was detected at 248 nm (Saleem et al., 2014) .
In vivo studies
The extract and silymarin solutions were prepared in distilled water. Paracetamol suspension was made in 0.5% w/v gum tragacanth in normal saline (Khorsandi and Orazizadeh, 2008) . White Swiss albino mice weighing 25-35 g were acquired and kept in the animal house of the Faculty of Pharmaeutical Sciences, Government College University Faisalabad. Mice were housed in separate cages at 25 ± 2°C in a 12 hours light-dark cycle. Mice had free access to standard laboratory pellet diet and fresh water during the study.
Acute toxicity study
Mice of either sex were randomly divided into groups of five animals. Normal control group received water only. Methanolic extract of A. lakoocha was administered at 250-2000 mg/kg to different groups. Toxic symptoms and mortality were observed in all animals for 72 hours p o s t -t r e a t m e n t ( S h a n m u g a s u n d a r a m a n d Venkataraman, 2006).
Paracetamol-induced hepatotoxicity
For hepatoprotective activity in mice, distilled water was administered to normal control group. Mice in disease control group also received distilled water until the induction of hepatotoxicity with paracetamol. Mice in reference control group received silymarin 100 mg/ kg/day orally for 8 days. The other three groups orally received 125, 250 or 500 mg/kg/day methanolic extract of A. lakoocha for 8 days (Okokon et al., 2016) . On the 8 th day, paracetamol (500 mg/kg) was orally administered to all groups except normal control group, 3 hours after administration of daily therapy.
Assessment of liver biochemical and histopathological parameters
Mice were fasted overnight. Blood was collected from mice by heart puncture 24 hours post paracetamol treatment. Mice were killed by cervical dislocation under chloroform anesthesia. The changes in ALT, AST, ALP and total bilirubin were determined by using commercial kits.
The mice liver were isolated, washed with normal saline and kept in 10% formalin solution. The tissues were embedded in paraffin wax and sectioned with a microtome. Hematoxylin and eosin staining was performed and histopathological changes in mice liver were observed under light microscope (Sharif et al., 2016) .
Statistical analysis
Results were presented as mean ± standard error and analyzed by one-way ANOVA followed by Dunnett's multiple comparisons test using GraphPad Prism ® software.
Results
It was found that methanolic extract of A. lakoocha was dark brown in color and the %yield was 7.27%.
Phytochemical evaluation
Qualitative phytochemical analysis of fruit extract confirmed the presence of flavonoids, tannins, terpenoids, saponins, glycosides, alkaloids and steroids. But proteins and carbohydrates were absent. HPLC chromatograms of the methanolic extract showed presence of chromatotropic acid, quercetin, gallic acid, vanillic acid, cinnamic acid, ferulic acid and kaempferol (Figure 1) . Retention times and quantities of different phytochemicals detected in A. lakoocha are shown in Table I .
Acute toxicity study
Acute toxicity assessment in albino mice showed that the extract had not shown any signs and symptoms of toxicity up to a dose of 2000 mg/kg and the extract was 
Effect on liver biochemical parameters
Administration of paracetamol significantly increased the level of ALT, AST and albumin in disease control mice. However, paracetamol did not exhibit an increase in ALP. Pre-treatment with the extract significantly prevented the rise in ALT as compared to disease control group. Silymarin pre-treatment also prevented the rise in serum ALT as compared to disease control group. Pre-treatment with either dose of the extract significantly prevented the rise in AST as compared to disease control group. The effect of extract on serum AST was statistically comparable to silymarin pretreatment. Pre-treatment with the extract also prevented the rise in serum ALP at 500 mg/kg dose as compared to disease control group (Table II) .
Protective effect on liver histology
Hepatoprotective effect of the extract was also evident from the histopathological evaluation of mice liver. The liver of normal control mice showed typical cellular architecture, uniform cytoplasm and a central vein. Treatment with paracetamol instigated a moderate portal and lobular inflammation, steato-hepatitis and spotty and marked geographic necrosis in disease control group (Figure 2 ).
Silymarin treated mice showed mild infiltration of leukocytes and neutrophils without any sign of swe- Results were showed as mean ± SEM; p<0.05 was shown by significant ( a ); p<0.01 was shown by ( b ); ↑ showed an increase in serum level when compared to the normal control group; ↓ showed a decrease in serum level when compared to the disease control group Table III Protective effect of A. lakoocha fruit extract on liver histology against paracetamol-induced hepatic lesions
SL. No Label Portal inflammation Lobular inflammation
Swelling Fatty change Spotty necrosis
Geographic necrosis lling, steato-hepatitis and necrosis. The extract treated mice showed mild swelling, steato-hepatitis, moderate neutrophil and leukocyte infiltration and geographic necrosis at 125 and 250 mg/kg/day dose. However, pretreatment with 500 mg/kg extract did not show any signs of steato-hepatitis and necrosis. The hepatoprotective effect of extract was dose-dependent ( Figure  2 ). The extract also preserved the normal architecture of mice liver against paracetamol induced toxicity. The hepatoprotective effect of lakucha extract was similar to silymarin (Bahmani et al., 2015) . The histopathological findings are summarized in Table III .
Discussion
Hepatotoxicity can occur directly or indirectly due to ROS (Akhtar et al., 2016b) . It is usually associated with a decrease in activity of endogenous anti-oxidant enzymes (Sharif et al., 2016) . Foods are rich source of natural anti-oxidants such as phenols and flavonoids. Various food extracts have been shown to protect against toxicant induced hepatotoxicity due to the presence of these phytochemicals (Hurkadale et al., 2012) . Paracetamol causes centro-lobular necrosis in men and rodents at high doses through the production of ROS (Parmar et al., 2010) . Excessive production of ROS causes the disturbances of calcium homeostasis, disrupts the mitochondrial functioning and leads to cell death. Hepatocellular necrosis is manifested by an increase in liver function biomarkers and histopathological changes (Hurkadale et al., 2012) . ALT is a more specific indicator of acute damage to liver parenchyma than AST (Okokon et al., 2016) .
This study showed the presence of flavonoids, tannins, terpenoids, saponins, glycosides, alkaloids and steroids in lakucha fruit extract. The results were supported by a previous report of the presence of these primary and secondary metabolites in A. lakoocha fruit pericarp (Kumar et al., 2010) .
The study testified the presence of chromatotropic acid, quercetin, gallic acid, vanillic acid, cinnamic acid, ferulic acid and kaempferol in methanolic extract of lakucha fruits. Previous studies have reported other phytochemicals such as artocarpine, artocarpetin and agglutinin in lakucha fruits (Shajib et al., 2013) . Among the compounds identified in this study, quercetin, gallic acid and kaempferol have been shown to act as natural anti-oxidants and hepatoprotective agents (Saleem et al., 2014) . Quercetin is a flavonoid that prevents oxidative damage, nitric oxide formation and hepatocellular necrosis (Pavanato et al., 2003) . Kaempferol reduces the oxidative stress and enhances the antioxidant defense mechanisms (Wang et al., 2015) . Phenolic compounds such as gallic acid, has potent anti -oxidant activity via inhibition of ROS, lipid peroxidation and elevation of liver anti-oxidant enzymes (Tung et al., 2009 ).
The effect of fruit extract on ALT, AST and ALP was statistically comparable to silymarin at 500 mg/kg. Previous studies had shown in vivo anti-oxidant activity of quercetin, gallic acid and kaempferol (Saleem et al., 2014 ) (Ali et al., 2013) . So, the hepatoprotective potential of lakucha fruits may be attributed to the presence of quercetin, gallic acid and kaempferol.
The hepatoprotective effect of lakucha extract was similar to silymarin (Bahmani et al., 2015) . The results indicate that the extract assisted to maintain the membrane integrity of hepatocytes against paracetamol intoxication (Rehman et al., 2015) . It can be proposed that the pretreatment with the extract reduced paracetamol-induced lipid peroxidation due to the presence of natural anti-oxidants such as quercetin, gallic acid and kaempferol (Weng et al., 2011 ).
Conclusion
The current study confirms the significant hepatoprotective activity of A. lakoocha fruit extract against paracetamol intoxication in mice. Protective effect of the plant extract may be attributed to the metabolites such as quercetin, gallic acid and kaempferol. Hence, this study rationalizes the conventional use of lakucha fruits for preventing liver disorders.
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